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Research Article 

Evaluation of the effectiveness of 
940 nm Diode Laser in second-stage 
Dental Implant Surgery compared with 
the Conventional Scalpel Procedure: 

An in vivo Study 


Abstract 

Background: Modification of the surgical laser technique could make it useful in dental implantology. 
The incisional mode of the diode laser can be used safely to uncover implants as long as care is taken to 
prevent heat conduction from surrounding tissues back into the implant. 

Purpose: To evaluate the effectiveness of using a 940 nm diode laser in second stage implant surgery 
compared to a conventional scalpel approach. 

Material & Methods: This prospective, intra-individual, double-blind, randomized controlled trial was 
carried out in the Iraqi specialized dental implant and cosmetics center. Twenty-one patients, with a total 
of 112 endossous dental implants, were identified as having Osseo integrated dental implants and who 
were ready for second stage dental implant surgery were divided into two groups: 1) scalpel exposure and 
2) laser exposure using a 940-nm diode laser. 

Results: The 940 nm diode laser resulted in minimal postoperative pain, decreased edema with less 
inflammatory response, enhanced homeostasis, and regular wound healing. The laser treatment also 
decreased the time required for final impression and improved patient health quality life. 

Conclusion: The use of a 940 nm diode laser to perform second stage dental implant surgery is 
effective and can yield better clinical and subjective results compared to the conventional scalpel surgical 
exposure. 


Introduction 

A dental implant is a perimucosal device which is 
biocompatible and bio functional. An implant is placed within 
the mucosa or on bone associated with the oral cavity to provide 
support for fixed or removable prosthetics [l]. In both cases, 
natural teeth or implants support the attached gingiva around 
the restoration providing long-term, aesthetic and functional 
prosthetic restorations [2]. 

The biological width is comprised of sulcus depth, junction 
epithelium and connective tissue attachment up to the alveolar 
bone crest. Normal, healthy subjects demonstrate an adequate 
biologic width when a 2 mm to 2.5 mm distance is present from 
the base of the gingival sulcus to the height of the crestal bone. 
In the absence of any periodontal disease there is a normal 
variation in biologic width around a tooth [3]. 


There are a variety of commercially available dental implant 
systems. Each dental implant system varies with branding, 
patented technology and materials, historical case success 
rates, and implant system establishment [4]. 

Sufficient attached gingiva (AG) around the teeth and fixed 
restorations indicates an absence of local traumatic factors 
from dental or soft-tissue origin [5]. 

Different techniques can be used for the second stage of 
surgical implants, including uncovering the area with a scalpel 
or puncher, ceramic bur, electrosurgery, partial thickness flap, 
partial thickness flap and inserted connective tissue graft, and 
partial thickness flap and free epithelial-connective tissue 
graft [6-11]. 

Modification of the surgical laser technique could make it 
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including information concerning patient age, sex, clinical 
presentation, past surgical history, and medical history were 
recorded. The report includes the following parameters:!.) 
gingival status, 2) soft tissue thickness (STT) was determined 
using a dental probe with a rubber stop, 3) oral hygiene, 4) 
bone quality, and 5) the duration of surgical operation of each 
group. With regards to number (4), all implant sites were 
classified as bone type II (implant bone site with a thick layer 
of compact bone surrounding a core of dense trabecular bone) 
or bone type III (implant bone site with a thin layer of compact 
bone surrounding a core of dense trabecular bone) according to 
Lekholm and Zarb [17]. 

Patient inclusion criteria were: delayed loading dental 
implant, delayed insertion dental implant, two stage protocol 
of dental implant, and healthy keratinized gingival tissues. 

The exclusion criteria were: any systemic diseases 
affecting bone metabolism or wound healing, smokers, failed 
dental implant, any signs of inflammation or signs of peri- 
implant inflammation, patients who missed examination 
appointments, radiolucent line around the dental implant, 
exposed dental implant and parafunctional habits which could 
influence osseointegration. 

Implant procedure protocols 

Patients received at least two dental implants with a 
minimum length of 12 mm (taper, external hexagon connection; 
BioHorizons, Laser-Lok, USA.) 

Implant placement was performed by the same surgeon 
and according to the manufacturer’s recommended protocol 
using labially or buccaly based flap. All surgical procedures 
were performed without intercurrences, and post-operative 
follow up was favorable for all patients. Each of the 21 patients 
was radiographed immediately after surgery and at 3 month 
and 6 months flow up. 

After completion of the osteointegration period, the second 
stage was performed for each patient and the environment 
preparations in both groups was the same. 

In the scalpel group the exposure was made in an ordinary 
manner using the scalpel to create a circular incision smaller 
than the size of the dental implant and using infiltration local 
anesthesia. 

In the laser group the soft tissue was excised using the 
940-nm laser diode excision preprogrammed system with 
minimum time between two sides is one wee 

Application of a topical anesthesia or local infiltration 
technique was used if needed. A small opening was made using 
the 940 nm laser diode and the opening was widened until the 
cover was fully exposed. We used a diode laser (commercial 
trade mark epic biolase), which emits a wavelength of 940 +/- 
10 nm, and a power output of 0.4-10 W in a pulse duration of 
100 microseconds, and a pulse interval of 200 microseconds, 
with a duty cycle 33%. The optic fiber used was 300 pm with a 
length of 9 mm. The power used was 0.9 W, and the mode was 
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useful in dental implantology. The incisional mode of the diode 
laser can be used safely to uncover implants as long as care 
is taken to prevent heat conduction from surrounding tissues 
back into the implant. This is done simply by limiting prolonged 
exposure [12]. When using the proper wavelength, titanium 
does not absorb, but rather reflects, the laser energy. Another 
excellent use of the laser is for removal of any hyperplastic 
peri-implant tissue [13]. 

For implant exposure in 2-stage implants, exposure of the 
osseointegrated dental implant in the second surgical phase can 
be done using Laser HF (Implant exposure mode, 975 nm, 4 W, 
CW) and healing abutment may be placed [14]. Re-exposure of 
the Osseo integrated dental implants may be performed using 
the Laser HF following peri-implant mucositis and a healing 
abutment can be placed again. A PDT using Laser HF (PDT 
mode, 660 nm, 50 mW, 30 s interval), in combination with 
antibiotic therapy for 5 postoperative days can be prescribed 
[15,16]. 

The aim of the study is to evaluate the effectiveness of using 
a 940-nm diode laser in the second stage of implant surgery 
and compare the results with traditional scalpel approach. 

Material and Methods 

This prospective study included 21 patients with a total of 
112 end osseous dental implant who were identified as having 
Osseo integrated dental implants and were ready for second 
stage dental implant surgery. The study was carried out in the 
Iraqi specialized dental implant and cosmetics center, Baghdad, 
Iraq, from April 2014 to November 2014. The study protocol was 
approved by the Laser Institute Committee for Research Ethics 
Concerning Human Subjects according to Helsinki guidelines 

The patients included 12 (57.14%) males and 9 (42.85%) 
females with a total of 112 implants. Their ages ranged from 
18 to 61 years. All patients had more than one dental implant, 
and 15 (71,14%) patients had a history of partial edentulous, 4 
(19.04%) had complete edentulous in both the upper or lower 
jaws, and 2 (9.52%) had full upper and lower jaws. 

The details of the surgery were verbally explained to the 
patients. Patients were examined and evaluated clinically and 
by radio graphically. All patients had Osseo integrated dental 
implants. 

In this prospective, intra-individual, double-blind, 
randomized controlled trial, patients underwent at least two 
previous dental implants. They were not given any preoperative 
medications. They were divided into two groups: 1) scalpel 
exposure and 2) laser exposure. 

The scalpel exposure group consisted of 10 patients who 
had 56 dental implants and their ages was from 20-59 with 
the mean age 35.37 ± 15.89 years at the time of operation. The 
Laser exposure group consisted of 11 patients who have 56 
dental implant with age range was 18-61 with the mean 41.28 
±19.52 years at the time of operation. 

All patients were routinely examined using conventional 
panoramic radiographs. Demographic and clinical data, 
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continuous emission CPi (Comfort Pulse). The aiming beam 
was a visible laser diode, max l mW, 625- 670 nm, continuous 
or intermittent. 

The excision program was selected for uncovering the 
dental implant using the laser device. The power used was 
0.9 W, the mode was pulsed emission CPi (Comfort Pulse), 
pulse duration was 100 microseconds and pulse interval 200 
microseconds, duty cycle (33%) and the optic fiber used was 
300pm with a length of 9 mm. The laser was used to create 
a small opening, which was increased until any part of the 
cover screw appeared. Next, ablation of the tissue over the 
implant was performed until the surgical opening became just 
large enough to allow removal of the screw. In both groups the 
healing screw was opened and the gingival healing abutment 
was inserted inside the dental implant according to the size 
and shape of the implant used . 

Patient assessment 

Operative assessment : For comparison of the two 
techniques, the following parameters were assessed by a well- 
trained qualified person who was blind to the study group: 

Soft tissue thicknesses 


Moderate redness and glazing. 

Marked redness. 

The absence or presence of soft tissue edema. 

Need for second correction. 

Time for impression taking. 

Statistical analysis 

Statistical analysis was performed using SPSS13.0 
(Statistical Package for Social Sciences, Chicago, Ill). The 
paired t test was used for analyzing the parameters predicting 
the changes of the scalpel and laser group. 

Results 

All the patients returned for follow up, no patient was 
excluded in the post-operative period. Our results depend 
mainly on clinical observations, patient complaints, 
postoperative clinical index, and follow-up appointments at 
different postoperative times. 

Operative assessment results 


The need for local anesthesia 
The duration of surgery (in min) 

Intraoperative bleeding, rated by the surgeon on a three- 
point category rating scale (1 = minimal bleeding; 2 = normal 
bleeding; 3 = excessive bleeding) 

Pain, which was evaluated with the aid of a 100-mm visual 
analogue scale (VAS) 

Postoperative assessment : All the patients in both groups 
were assessed at the 1 st , 2 nd and 3 rd week postoperatively by a 
well-trained qualified person who was blind to the study group. 
Assessment criteria included the following: 

Gingival bleeding evaluated by 

Naked eye seen by opening of the gingival former 

Bleeding in probing (using periodontal probe), according to 
the following modified criteria: 

0 No bleeding 


Prior to second stage the soft tissue thickness (STT) was 
determined using a dental probe with a rubber stop in both 
groups. STT was nearly equal in both group with no significant 
differences. 

We used infiltration local anesthesia for all surgical 
scalpel implants but we only needed to provide infiltration 
local anesthesia to 4 patients in the laser group. The mean 
operation time was significantly longer in the laser group. The 
statistic result of bleeding index showed that the laser group 
had significantly less bleeding. The VAS result also showed a 
significant difference with a lower VAS mean in the laser group 
as shown in table 1. 

Postoperative assessment results 

The site was evaluated at the 1 st , 2 nd and 3 rd post-operative 
week in both groups. The bleeding was evaluated by two 
approaches: 1) immediately after opining of the abutment 
healing and 2) by the bleeding index using periodontal probe. 
Examination of the laser exposure confirmed significant less 
bleeding compared to the scalpel procedure. 


1 Only one bleeding point 

2 Several isolated bleeding points or a small blood area 

3 Cavity filled with blood soon after probing. 

4 Profuse bleeding when probing, blood spread outside the 
cavity 

Gingival color using following modified gingival index 

Normal gingiva color. 

Slight change in color, slight edema. 


Table 1 : Operative assessment in both groups. 



Scalpel group 

Laser group 

P value 

Soft tissue thicknesses at the time of 
second stage (mm) 

0.83 

1.54+.63 

1.68+0.49 

Cases Need for infiltration local 

anesthesia 

0.0011 

4(7.14%) 

56(1 00%) 

Mean of surgical duration procedure 
in (min) 

0.018* 

2.18±.75 

1.25+30 

Intraoperative bleeding 

0.003+ 

1.02+.47 

2.16+.22 

Pain (VAS) 

0.011* 

16.54+1.82 

32.84+2.56 
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With regards to gingival color, both groups were similar 
in the 1st post-operative week, while at the 2 nd and 3 rd post¬ 
operative weeks the gingival tissue was significantly closer to 
the normal healthy gingiva in the laser group. The same result 
was obtained regarding peri-implant soft tissue edema with 
no edema in any patient by the end of the 3rd post-operative 
week. By the 2 nd and 3 rd weeks, we were unable to confirm that 
any case required secondary corrections, but by the 3rd week 
7 cases in the scalpel group required secondary correction, 
while no case in the laser group needed secondary correction 
as shown in table 2. 

All of these previous factors indicate that impressions can 
occur in the 1st post-operative week. We took split impression 
for cases in the laser group which did not interfere with the 
final prosthetic design. In the scalpel group, we were unable to 
take any impression in the 1st week, and instead needed to wait 
until the rest of cases in the laser group finished in the end of 
second post-operative week, in scalpel group, three of cases 
still need additional time. 

Discussion 

The goal of second stage surgery is to create keratinized 
gingiva that is free from the attached gingiva and extends from 
the gingival margin to the mucogingival junction [18]. This can 
be produced by different methods. The aim of this prospective, 
intra-individual, double-blind, randomized controlled trial 
was to create a combination of keratinized and non-keratinized 
peri-implant mucosa with less tissue destruction compared to 
standard surgical methods. 

Lang and Loe [19], published the first controlled clinical 
study that examined the relationship between the width of 
keratinized gingiva and gingival health. They reported that 
over 80% of tooth sites with at least 2 mm of keratinized 
gingiva (with at least 1 mm being attached) showed gingival 
health, whereas the sites with less than these parameters had 
varying amounts of gingival inflammation. 

A combination of keratinized and nonkeratinized peri- 
implant mucosa gives the prosthetic restoration a more natural 


look [20]. Cochran etal. (21), proposed that a minimum of 3 mm 
of peri-implant mucosa, referred to as the biologic width, is 
required for a stable epithelial connective tissue attachment to 
form and serves as a protective mechanism for the underlying 
bone [22]. The establishment of the biologic width around teeth 
also involves crestal bone loss as was observed in a surgical 
tooth lengthening study by Oakley and coworkers [23]. 

Three methods for cutting oral soft tissues are used 
commonly in dentistry, namely blade, electro surgery and 
laser, and each of these methods works well [24]. 

Diode laser provides great benefit over many other lasers 
because of its small size. The diode laser also provides a wide 
spectrum of utility in many medical fields ranging from 
physiotherapy, photodynamic therapy and surgical excision. 
Another important advantage of the diode laser is that it 
transmits through an optic fiber that can be easily used in 
different regions [25]. 

The wavelength of the diode laser is considerably more 
absorbed due to its hemoglobin choromophore [26]. This initial 
test of the effectiveness of laser vaporization method showed 
that the precise cutting tool minimally changed the adjacent 
tissue, coagulation and sealing of small vessels is excellent and 
this lead to less post-operative bleeding [27]. 

Soft tissue management around dental implants can be 
difficult to solve with traditional means such as electrosurgery 
or surgical blades. Many monopolar electrosurgery units can 
reverse osseointegration with inadvertent contact with the 
implants after a matter of seconds [28,29]. 

In a two stage technique where an implant is placed 
surgically and covered with soft tissue in the initial stage, the 
implant must be uncovered at the second stage. If the implant 
is crestal or slightly supra crestal, and there is adequate soft 
tissue existing, the diode laser can be used to safely remove 
overlying soft tissue [30,31]. 

In our study, the time to perform laser exposure was 
prolonged compared to the time required with scalpel 


Table 2: Postoperative assessment in different times in both groups. 



T 

* P.O. week 


2 nd P.O. week 

3 rd P.O. week 

Criteria 

Index 

Scalpel group 

Laser group 

P 

Scalpel group 

Laser 

group 

P 

Scalpel group 

Laser 

Group 

P 

Bleeding 

Seen by 
opening 

54(96.4) 

16(28.5) 

0.000$ 

23(41) 

2(3.5) 

0.000$ 

3(5.3) 

0 

0.000$ 

Bleeding on 
probing 

3.9±.56 

2.11.34 

0.0071 

2.81.69 

0.451.65 

0.0071 

1.71.5 

0 

0 . 000 $ 

Gingival color 

Gingival 

index 

3.7±.22 

2.71.43 

0.053 

3.5612.77 

2.111.44 

0.0071 

2.51.95 

1.331.62 

0.000$ 

Preimplant soft tissue 
edema, 

Present 

41(73.2) 

11(19.6) 

0.149 

19(33.9) 

0 

0.0081 

0 

0 



Absence 

1 5(26.7) 

45(80.3) 


37(66) 

0 


0 

0 


Secondary correction 

Need 

N/P 

N/P 


N/P 

N/P 


7 

0 

0.000$ 


No need 

N/P 

N/P 


N/P 

N/P 


49 

0 

impression taking 


0 

37(66) 

0 . 000 $ 

18(32.1) 

19(33.9) 

0.49* 

31(55.3) 

0 

0.000$ 

Abbreviation: N/P. not applicable; *P <.05. +P <.01; TP< 001. 


042 


Citation: Al-Delayme RMA, Awazli LG (2017) Evaluation of the effectiveness of 940nm Diode Laser in second-stage Dental Implant Surgery compared with the 
Conventional Scalpel Procedure: An in vivo Study. Int J Oral Craniofac Sci 3(2): 039-045. DOI: http://d 0 i. 0 rg/l 0.17352/2455-4634.000030 







f/> Peertechz Publications Pvt. Ltd. 



without intra-individual observations, and the diode 940 nm 
width varied. 

The advantages of using lasers in implant dentistry are 
the same as for any other soft tissue dental procedure. These 
advantages include increased hemostasis, minimal damage to 
the surrounding tissue, reduced swelling, reduced infection, 
and reduced pain postoperatively. Due to the hemostasis 
provided by lasers, there is a significant advantage of improved 
visibility during surgery [45]. One advantage of the use of lasers 
in implantology is that impressions can be taken immediately 
after the second stage of surgery because there is little blood 
contamination in the field due to the hemostatic effect of 
the lasers. There also is minimal tissue shrinkage after laser 
surgery, which assures that the tissue margins will remain at 
the same level after surgery. In addition, the use of the laser 
can eliminate trauma to the tissue flap reflection and suture 
placement [50]. 

Conclusion 

The use of a 94onm diode laser to perform second stage 
dental implant surgery is effective and improves clinical and 
qualitative results compared to the traditional scalpel surgical 
exposure, including minimal postoperative pain, edema with 
less inflammatory response with enhance homeostasis and 
regular wound healing, all of which decrease the time required 
for taking the final impression and improving patient health 
quality life. 
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